Introduction
fore, there are two different categories of shallow lakes: clear-water lakes, where dense macrophyte vegetation covers the bottom, and turbid-water lakes, which are dominated by planktonic organisms. Restricted access of light to the bottom reduces the development of macrophytes (e.g. Scheffer and Jeppesen 1998) . Dokulil and Teubner (2003) argue that, in contrast to deep lakes, many shallow lakes may rapidly change from a clear-water state dominated by macrophytes to a turbid-water state dominated by phytoplankton.
Shallow lakes are of major importance, especially in areas dominated by this type of water body. They have many various functions, such as for tourism, recreation, irrigation of agricultural areas and as a drinking water supply. Assessment of the trophic and ecological state allows the appropriate use of lakes as an economic resource. The aim of this study was to assess the trophic and ecological status of a shallow lake used for recreational purposes. Phytoplankton species composition, abundance and biomass were used in this assessment as indicators of water quality.
Study area
Lake Ostrowąs is located in northern Poland in the Wielkopolska Lakeland, in the catchment area of the River Tążyna (Fig.1) . It is one of the few lakes on the Inowrocław Plains. The lake has an area of 30.7 hectares. The total volume amounts to 644.7 thousand m 3 . Its maximum depth is 3.7 m, and the mean depth, 2.1 m ( Table 1 ). The total catchment area of the lake covers 8.6 km 2 . The catchment area is dominated by agriculture, mainly arable lands. The lake is supplied by small temporary streams. The quality of water flowing into the lake indicates a strong influence of pollution from agricultural sources. In terms of fishing, the lake is classified as a rope-pike type. Analysis of morphometric features, and of the hydrographic basin of Lake Ostrowąs indicate a very high predisposition to degradation (WIOŚ 2005) . Now the lake is mainly used for recreational purposes. It is possible to rent cottages and swimming equipment; an artificial beach was created. 
Methods
Material for the study of phytoplankton was collected from three sites (Fig. 1 ) of the following locations: the beach at the southern shore of the lake (St. 1), the deepest point of the lake (St. 2) and the north shore of the lake dominated by vascular plants (St. 3). Samples were collected twice a month from June to September 2014, and once a month in January and May 2015. A total of 27 samples of phytoplankton were examined at nine different dates.
Qualitative samples were collected using a plankton net with 25 μm mesh diameter from the euphotic zone and preserved in 4% formalin. Identification of phytoplankton was performed with the use of a light microscope Nikon Alphaphot YS2. Determination of diatoms was based on cell wall structure at ×1000 magnification, after cleaning them off the organic content. In order to obtain the pure frustules, concentrated nitric and sulphuric acids, and 30% hydrogen peroxide were applied. For preparation, a synthetic resin having a high refractive index -Naphrax -was used. Non-concentrated samples were collected for quantitative analyses from beneath the surface, i.e. at a depth of ca. 0.5 m. Quantitative phytoplankton samples were fixed with 1% acidified Lugol's iodine (J in KJ). The counts of phytoplankton were carried out to the species level whenever possible, using an inverted microscope (MOD-2 PZO) following the Utermöhl (1958) technique at ×400 magnification in chambers of 2 cm 3 after at least 24h sedimentation. Biovolumes of all algal species were calculated using the volumetric method by Hillebrand et al. (1999) and Sun and Liu (2003) and assuming that 1 mm 3 of algae is equal to 1 mg (Elser and Carpenter 1988) . The biovolume is presented as biomass (wet weight) per litre (B, mg dm −3 ). The dominant species described in this paper (with the biomass of more than 10%) were classified into functional groups (FG) based on the studies by Kruk et al. (2002) , Reynolds et al. (2002) , Reynolds (2006) and Padisák et al. (2009) . Functional groups of phytoplankton illustrate the characteristics of the environment more effectively (e.g. water mixing, trophic level, nutrient deficiency) than single species.
The evaluation of the aquatic environment based on the species composition of a diatom community was prepared using a list of indicator species by Van Dam et al. (1994) . Diatom species were classified according to their trophic requirements, tolerance to contamination, preference for pH and oxygen demand. The trophic level of the lake was assessed on the basis of the species composition using Nygaard's Trophic State Index (Hutchinson 1967 , after Nygaard 1949 . It classified lakes with ratios of the number of taxa of major algae groups of less than 1.0 as oligotrophic, while those with ratios of more than 3.0 as eutrophic. Based on the biomass of phytoplankton and biomass of blue-green algae, two metrics were calculated, out of the three included in the Phytoplankton Multimetric for Polish Lakes (used to assess the ecological status of Polish lakes) (Hutorowicz and Pasztaleniec 2014) . To assess the similarity between phytoplankton species composition (Jaccard's coefficient -J) and species diversity (Shannon-Wiener -Hʹ evenness -e), a multivariate statistical package was used -MVSP 3.2 (Kovach 2010) .
Results

Taxonomic composition
A total of 122 taxa were identified in Lake Ostrowąs and half of them (61) belonged to Bacillariophyceae. The remaining taxa were Chlorophyta (40 taxa), Cyanobacteria (15), Euglenophyta (5) and 1 taxon of Chrysophyceae.
The greatest taxonomic richness was at site 1, where 106 species were recorded. The smallest number of species, only 98, was found at site 2, located in the central part of the lake. Only 4 species of phytoplankton were recorded for each sample: Stephanodiscus hantzschii Grunow, Desmodesmus communis E.Hegewald, Pediastrum tetras (Ehrenberg) Ralfs and Crucigenia tetrapedia (Kirchner) Kuntze. Phytoplankton was represented by e.g. Fragilaria reicheltii, which is a threatened species in Poland. Taxa that represented more than 10% of the total biomass were members of 8 FGs (Table 2) ; however, M (Microcystis), H1 (Anabaena spiroides Klebahn, Aphanizomenon issatschenkoi) and J (many coccal green algae) were the main FGs.
Quantitative analysis of phytoplankton
The average phytoplankton abundance in Lake Ostrowąs throughout the study period was 53.614 10 6 ind. dm . The abundance showed significant spatial differences (Fig. 2) . The average phytoplankton abundance was the highest at site 1, i.e. 61.863 10 6 ind. dm . The lowest number of 46.787 10 6 ind. dm −3 was recorded at site 3. Algal abundance ranged from the minimum of 13.098 10 6 ind. dm −3 in January 2015 at site 2, to the maximum of 167.503 10 6 ind. dm −3 in July 2014 at site 1.
The average phytoplankton biomass in the lake was 37.5 mg dm ) was detected in July 2014 at site 1 (Fig. 3) , and the lowest (4.8 mg dm −3 ) in June 2014 at site 3. In warm seasons, the phytoplankton biomass was composed of Cyanobacteria and Chlorophyta. The dominant blue-green algae in Lake Ostrowąs were as follows: Microcystis aeruginosa, Microcystis wesenbergii, Aphanizomenon issatschenkoi and Snowella sp. In spring and autumn, Chlorococcales dominated in the biomass, while in the winter the biomass was formed by diatoms, mainly Asterionella formosa ( Table 2 ).
The ratio of biomass and abundance (B/N) indicates that small-size species dominated in phytoplankton in the spring (May, June) (Fig. 4) . The maximum dimensions were recorded in July, when the phytoplankton was dominated by colonial cyanobacteria Microcystis.
Jaccard's similarity analysis allowed groups of phytoplankton to be isolated in different seasons (Fig. 5) . The greatest similarity of phytoplankton was recorded in summer (June, July, August), the second highest, in winter (January). The most diverse phytoplankton was in spring and autumn (May, September). Shannon's species diversity (Table 3) had a small value ≈ 1 (0.70-1.16). Similarly, the evenness (e), the average value of which was 0.53, indicated a strong dominance of a few species. 
Lake water quality assessment
Based on the species composition of phytoplankton, Nygaard's trophic index was calculated, and its value was very high − 11.8.
In the studied lake, 61 taxa of diatoms were identified. Among them, 53 species were used to assess the water quality. In terms of trophic conditions, the largest group were diatoms living in a wide range of fertility (oligo-/eutrophic), and 21% of species were typical of eutrophic conditions. In terms of tolerance to contamination, tolerant species (31 species -58%) were dominant. In Lake Ostrowąs, 30 species with an average oxygen demand (57%) were recorded. Due to the preference for water pH, 39 alkalibiontic species (74%) were recorded.
Based on the biomass of phytoplankton and biomass of blue-green algae, two metrics were calculated out of the three included in PMPL. The results at all three sites indicated a very bad ecological status of the studied lake. Calculated metrics reached the maximum (5) value.
Discussion
According to the classification of the trophic status (Carlson 1977; Carlson and Simpson 1996; Kratzer and Brezonik 1981) , Lake Ostrowąs is highly eutrophic ( Table 1) .
The analysis of plankton taxonomic composition, abundance, and biomass is commonly used to evaluate the trophic and ecological state of water bodies (e.g. van Dam et al. 1994; Hutorowicz and Pasztaleniec 2014; Dembowska et al. 2015) .
The phytoplankton species composition was similar at all sites; differences in the number of species between the sites were insignificant. The highest number of species was recorded at site1, near the beach, whereas the lowest was in the northern part of the lake at site 3 located near macrophytes. Based on the species composition, Nygaard's trophic index was calculated (Hutchinson 1967 , after Nygaard 1949 , and its value -11.8 -indicated highly trophic conditions. Such a high Nygaard index value was mainly due to a large number of species of coccoid green algae and cyanobacteria.
During the summer season, the number of blue-green algae in Lake Ostrowąs was over 130 10 6 ind. dm . Dominant blue-green algae (Microcystis wesenbergii, Microcystis aeruginosa, Aphanizomenon issatschenkoi, Anabaena spiroides and Snowella sp.) were characteristic of highly eutrophic waters. Very high values of the phytoplankton biomass (Table 2) , ranging from 4.8 to 137 mg dm −3 , proved hypertrophic conditions of the lake (Vollenweider and Kerekes 1982) , and according to the criteria defined by Bucka (1987) , they indicated a constant water bloom. Starting from July, an apparent biomass increase was observed. It was the result of the mass development of cyanobacteria. Cyanobacteria often cause water blooms in shallow, highly eutrophic lakes (Dembowska 2011; Kobos et al. 2013; Dembowska et al. 2015) .
Algal blooms lead to excessive production of organic matter. It is dangerous to the rest of the biocoenosis of the lake (Bucka and Wilk-Woźniak 2005) . Water blooms (especially cyanobacterial) have a negative impact on the use of water for utility purposes, such as water supply, industrial and recreational ones.
Blooms of the water are visible as scum on the water surface, and are reflected in low water transparency and occasionally a specific smell (Bucka 1987; Smayda 1997) . Some cyanobacteria float on the surface forming a visible scum, because of the presence of gas vesicles. Bucka (1987) listed species capable of creating a water bloom, including e.g. Microcystis, Aphanizomenon and Anabaena. These forms of blue-greens are potential producers of toxins. Toxins can be accumulated in animal bodies; therefore indirectly the problem may also affect humans.
The success of cyanobacteria in shallow lakes is possible due to the high resistance of this group to unfavourable environmental conditions (Reynolds et al. 1987) . The occurrence of water bloom is possible due to excessive amounts of nutrients. The ratio N:P in the studied lake was very high, and was over 33. This high level of N:P is suitable for Chroococcales (e.g. FG M). Nostocales (FG H1) occur less frequently in this lake. For this group of cyanobacteria, the most suitable ratio of N:P is low (<10). Nostocales are capable of assimilating the atmospheric nitrogen because of the presence of heterocysts. Microcystis wesenbergii was dominant in the lake, representing about 90% of the total biomass at all sites in July. Dokulil and Teubner (2000) indicate the optimum molar N:P ratio as 18 for Microcystis wesenbergii. Beaulieu et al. (2013) reported that water temperature is a significant and independent predictor of cyanobacterial biomass. While nutrient over-enrichment promotes a bloom of cyanobacteria, climate change provides an additional catalyst for their expansion (Paerl and Otten 2013) . Global warming may additionally extend the duration of cyanobacterial blooms in lakes. At the end of July 2014, there was a very intensive development of blue-green algae in Lake Ostrowąs (average biomass of 119 mg dm −3
). According to the Monthly Climate Monitoring Bulletin of the Institute of Meteorology and Water Management (IMGW 2014) , this month was extremely warm. While in August 2014 when a normal temperature was reported, a decline in the phytoplankton biomass to 50 mg dm −3 and a decline in cyanobacteria contribution in the whole phytoplankton biomass were observed (Table 2) .
In the end, algal blooms disturbed the development of submerged macrophytes, which might compete for nutrients and they could be a refuge for herbivorous zooplankton. The growth of phytoplankton in Lake Ostrowąs was clearly spatially diverse. At the site which was dominated by macrophytes, phytoplankton abundance was smaller than at the other sites. At this site, slightly greater diversity was observed compared to the site near the beach. In the vicinity of macrophytes, 8 FGs dominated (J, H1, F, D, C, Lo, M, N) and near the beach, 6 FGs (J, H1, C, Lo, M, N). However, biodiversity indicators (H' , e) at all sites were similar. There were no significant differences between the sites due to the small area, little depth and a high (14.6) rate of exposure. Such morphological conditions of the lake favour the mixing and thus homogenization of plankton.
Because of the lake's location in an area with a small number of lakes, the water body serves an important recreational function. For this reason, it is necessary to improve the quality of water. The ecological status assessment based on the biomass of cyanobacteria and the total phytoplankton biomass indicated the worst state. The lake is ecologically significantly degraded and requires immediate restoration. This objective is usually achieved through treatments, which lead to a reduction in or the elimination of algal blooms. Reduction in the dominance of phytoplankton blooms in lakes is always associated with a reduction in the load of nutrients from the catchment. However, it is difficult to predict whether the restoration of this water body will bring the expected and long-term effects, because the lake is surrounded by an agricultural area.
In conclusion, a routine evaluation of the water quality should include not only the largest lakes, but also the smaller ones, especially those of particular importance. Such a lake was studied. The problem of water quality in lakes is especially important in areas with a small number of lakes, e.g. the Inowrocław Plains. The recreational use of water bodies in summer requires the continuous monitoring of the water quality. Not only the surface area but also how the lake is used should be taken into account during the evaluation of water quality.
